Abstract. The marker-free on-chip distinction between hybridised (double-stranded) DNA (HDNA) and denatured (single-stranded) DNA (DDNA) has recently been demonstrated using ultrashort electrical pulses. The electrical THz pulses propagate in integrated waveguides incorporating resonant THz structures onto which the genetic material is deposited. For a possible future realisation of a high throughput array, it is crucial to optimize the experimental parameters and the resonant structure. In this paper we perform a first numerical study of different resonator geometries and examine the influence of critical experimental parameters on the transmission characteristics of the resonant structures. Our simulations demonstrate that the ring resonator shows a comparable performance to the parallel-coupled resonator previously used in a first demonstration by Nagel and coworkers.
Introduction
The market potential of methods for rapid identification of genetic sequences is tremendous. Most current techniques are based on fluorescent labelling [1] of the denatured target DNA molecules in which a known base sequence has to be identified. Such labelling presents an additional preparation step. It does not only restrict the sample processing speed and cost-effectiveness but might also affect the DNA strand conformation, hence lowering the yield and the reliability of the method [2] .
Hence, a marker-free detection method would be highly welcome. Recently Brucherseifer et al. demonstrated an approach using electrical THz pulses that propagate along thin-film microstrip lines [3] . These structures incorporate a resonant structure which is detuned when loaded with genetic material. The DNA is deposited simply by pipetting it from an aqueous solution onto the resonant structure. After water evaporation the DNA forms a thin film with a thickness of only a few tens of nanometers. The train of electrical THz pulse is generated using a Ti:Sapphire laser with a repetition rate of 78 MHz. The laser pulses gate a biased photoconductive switch which causes an electric signal to propagate along the microstrip line and through the DNA-loaded parallel-coupled quarter-wavelength mi-crostrip line resonator. The transmitted pulses are detected via electro-optic sampling [4] .
In their pioneering and impressive work Nagel et al. demonstrated that they could determine the state of hybridisation of small samples of nucleic acids down to a femtomol level [3] . Their system truly holds a high potential for the development of marker-free high-throughput genetic diagnostic instruments.
In this paper we perform a numerical study of different resonator geometries using commercially available simulation packages. Firstly, we examine the structure employed by Nagel et al.. Secondly, we explore a ring resonator as an alternative structure for on-chip THz analysis of biomolecules. We find, that the shift of the resonance frequency is higher for HDNA than for DDNA. For both materials the frequency shift saturates above a DNA layer thickness of 20 to 25 µm. Altogether, the performance of the ring resonator is comparable to that of the parallel-coupled quarter-wavelength microstrip line resonator.
Simulation Tools
Two different commercial simulation packages are used to calculate and design the characteristics of microstrip line filter structures. Serenade TM from Ansoft allows a user to set up a filter structure from discrete elements and simulate it over the desired frequency range. Each microstrip line element is characterised by its impedance and electrical length. The program uses the transmission line equations to calculate a set of parameters for the given structure. From this the scattering parameters of the structure are deduced. The program does not account for radiation losses which become quite important at a few hundred GHz. Yet, since calculations with this program do not take longer than a few seconds, it is perfectly suited for a quick rough filter design which matches the desired resonance frequency.
In order to account for the lost power that is radiated from the filter structure and to be able to simulate a target DNA load as dielectric layer on top of our structure, we use the simulation tool Momentum TM which is part of the design environment Advanced Design System (ADS) TM from Agilent Technologies. It uses the method of moments which is based on a numerical solution of the integral equation which connects the radiated electric field with the current distribution of a given structure via Green's function. Discretisation of the currents yields a linear system of equations. Momentum TM does not take modes of higher order into consideration. Hence, only sufficiently thin substrates will be simulated correctly. At a reasonable substrate height of 20 µm we expect single mode operation up to approximately 1 THz, the estimated cut-off frequency for the first higher mode.
Results and Discussion
First, we examine the transmission characteristics of the parallel-coupled quarterwavelength microstrip line resonator shown in Figure 1 . We tried to get the design
